O ssificatiOn of the PLL, which is common in the Asian population, is a well-known cause of cervical myelopathy. It can also appear, although less commonly, in the thoracic spine and cause severe myelopathy. 18 Thoracic myelopathy caused by OPLL in the thoracic spine is usually progressive and responds poorly to conservative therapy, which makes surgery the only effective treatment option. Despite advancement in techniques for surgery of thoracic OPLL, favorable results are not always achieved. In patients with thoracic myelopathy resulting from thoracic OPLL, removal of the ossified PLL is the most effective method of relieving pressure on the spinal cord. 2, 4, 7, 17, 19, 21 However, the anterior approach for removal of ossified PLL is technically demanding, and postoperative neurological deterioration has been reported. 2, 12 In this technical note, we present a novel technique used to float or remove thoracic ossified PLLs using a posterior approach; we use a single case to illustrate the procedure.
Illustrative Case
History. This 63-year-old man was referred to our hospital with a 4-year history of gait disturbance. His symptoms had become gradually progressed in the previous 2 months. Thoracic OPLL had been identified at another hospital, and conservative treatment had been tried without success. His medical history included chronic renal failure requiring dialysis, hypertension, and hepatitis C.
Examination. On admission to our hospital, the patient was suffering from severe thoracic myelopathy. He found walking to be difficult, as muscle strength in the bilateral lower extremities was weakened, so he used a wheelchair. Physical examination showed 20%-50% hyp- 
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Several surgical procedures have been developed to treat thoracic ossification of the posterior longitudinal ligament (OPLL). However, favorable surgical results are not always achieved, and consistent protocols and procedures for surgical treatment of thoracic OPLL have not been established. This technical note describes a novel technique to achieve anterior decompression via a single posterior approach. Three patients with a beak-type thoracic OPLL underwent surgery in which the authors' technique was used. Complete removal of the ossified PLL was achieved in all cases. With the patient in the prone position, the authors performed total resection of the posterior elements at the anterior decompression levels. This maneuver included not only laminectomies but also removal of the transverse processes and pedicles, which allowed space to be created bilaterally at the sides of the dural sac for the subsequent anterior decompression. The thoracic nerves at the levels of anterior decompression were ligated bilaterally and lifted up to manipulate the ossified ligament and the dural sac. An anterior decompression was then performed posteriorly. The PLL was floated without any difficulty. After exfoliation of the adhesions between the ossified ligament and the ventral aspect of the dural sac, the ossified PLL was removed. In every step of the anterior decompression, the space created in the bilateral sides of the dural sac allowed the surgeons to see the OPLL and anterolateral aspect of the dural sac directly and easily. After removal of the ossified PLL, posterior instrumented fusion was performed. This surgical procedure allows the surgeon to perform, safely and effectively, anterior decompression via a posterior approach for thoracic OPLL. algesia below the belly and hyperreflexia at bilateral patellar and Achilles tendons. As a measure of thoracic myelopathy, his preoperative JOA score 9 was 0 (total score of 8 by eliminating the score for bladder function due to his anuric renal failure). Postmyelography CT scanning and MRI revealed an isolated beak-type ossified PLL at the T6-7 level with the spinal cord severely compressed at the same level (Fig. 1) . The patient had continuous-type OPLL in the cervical spine; this did not seem to cause his myelopathy. A circumferential decompression and instrumented fusion via a posterior approach was planned for the thoracic OPLL.
Operation. In the prone position, the posterior elements from T-4 to T-9 were exposed via a midline incision. In the first step, total resection of the posterior elements of T-6 and T-7 was performed. This maneuver included not only laminectomies but also removal of the transverse processes and pedicles, which allowed space to be created at the bilateral sides of the dural sac for the subsequent anterior decompression. Thus, removal of the ribs or destruction of costovertebral joints of the rib heads was not necessary. The thoracic nerves at the T-6 and T-7 levels were ligated bilaterally and lifted up to manipulate the ossified ligament and the dural sac. Anterior decompression was performed via the posterior approach. The posterior portions of the vertebral bodies were removed using a diamond bur from the bilateral sides of the dural sac. The surgeons could see the ossified PLL and the anterolateral aspect of the dural sac directly and could use a bur safely in the space created at the bilateral sides of the dural sac (Fig. 2) . Using this maneuver, the ossified PLL was floated without any difficulty. After exfoliation of adhesions between ossified ligament and the ventral aspect of the dural sac, the ossified PLL was removed completely (Figs. 2 and 3) . In every step of the anterior decompression, the space created at the bilateral sides of the dural sac allowed us to see the ossified PLL and the anterolateral aspect of the dural sac directly and easily. After removal of the ossified PLL, we placed posterior instrumentation at T4-9 and performed posterolateral fusion using local bone chips of the resected laminae and transverse processes (Fig. 2) . There was no dural tear or CSF leakage in the procedure.
Postoperative Course. After the surgery, the patient's neurological symptoms were improved. An orthosis was applied for 3 months to achieve posterolateral fusion at T4-9. One month after surgery, the patient could walk using crutches. Postoperative CT myelography showed the complete removal of the ossified PLL and the subarachnoid space in the ventral side of the spinal cord; this indicated that spinal cord decompression had been sufficiently achieved (Fig. 4) . At the 1-year follow-up examination, the patient exhibited mild symptoms due to myelopathy such as spastic gait and mild sensory disturbance of the lower extremities. However, he was able to walk without assistance 5 months after the surgery. The JOA score for thoracic myelopathy was 4 and the recovery rate was 50% 1 year after surgery.
Results
We used this surgical technique in 3 patients overall who had a beak-type OPLL in the middle thoracic spine. Complete removal of ossified PLL through the anterior decompression levels was achieved in all cases. No intraoperative or postoperative complications were encountered except a minor dural tear in one patient that did not 
Discussion
The surgical outcome after thoracic OPLL compares unfavorably with that after cervical OPLL. 9 This is because of anatomical factors and the pathophysiology of the thoracic ossified PLL: 1) the thoracic spine is naturally kyphotic, and posterior decompression is less effective because backward movement of the spinal cord is restricted; 2) the spinal cord is more vulnerable at the site of compression because of its relative avascularity; 8 and 3) the ossified ligament adheres strongly to the ventral aspect of the dural sac, increasing the difficulty of directly removing the OPLL and increasing the risk of spinal cord injury during decompression maneuvers.
A variety of surgical procedures have been developed to treat thoracic OPLL: 1) posterior decompressive laminectomy or laminoplasty; 2) posterior decompression and instrumentation; 3) anterior decompression via an anterior approach; 4) 2-stage circumferential decompression via a combined posterior-anterior approach; and 5) anterior (circumferential) decompression via a posterior approach. Each procedure has advantages and disadvantages.
Laminectomy or laminoplasty can be relatively successful for thoracic OPLL at the upper thoracic spine because the spinal curvature is usually lordotic or only slightly kyphotic at the cervicothoracic junction. Thus, dorsal shift and decompression of the spinal cord can be expected by posterior decompression alone. 9 The use of instrumentation allows correction of kyphosis or prevention of progression of kyphosis, and stabilization of the spine, thus enhancing and maintaining the decompressive effect. 20 However, posterior decompression with or without instrumented fusion has not always produced satisfactory results because the ossified PLL remains and may still compress the spinal cord due to the limitation of posterior shift of the spinal cord. 11, 16 Anterior decompression via an anterior route is the best approach in the treatment of thoracic myelopathy caused by thoracic OPLL on the concave side of the spinal cord. Fujimura et al. 3 analyzed the surgical outcomes after anterior decompression and fusion in 48 patients, reporting favorable overall results. However, postoperative neurological deterioration has been reported in several studies. 2, 12 The anterior approach for thoracic OPLL is technically demanding and opening the thoracic cage can place considerable surgical stress on the patient. If CSF leaks into the thoracic cavity, it can be difficult to regulate.
3,12
Tomita and colleagues 6, 17 reported good surgical outcomes for circumferential decompression via a combined posterior and anterior approach. In a multiinstitutional retrospective study in Japan, although statistically not significant, the surgical outcomes using the Tomita method tended to be more favorable than those achieved using other surgical procedures. 9 This surgical procedure makes it possible to remove or float the ossified PLL safely and completely compared with either an anterior or posterior single approach. However, it has not been the standard surgical method for thoracic OPLL because of the technical demands and the surgical stress caused by this 2-stage surgery.
Some surgeons have obtained relatively favorable surgical outcomes using anterior decompression via a posterior approach.
1,14 However, Takahata et al. 15 reported a relatively high rate of surgical complications, which included a dural tear in 40% and neurological deterioration in 33% of the patients. It was supposed that these complications were related. The space and field of view can be insufficient for the maneuver in anterior decompression via a posterior approach.
Our technique for anterior decompression is a modification of the conventional anterior decompression via a posterior approach. This surgical procedure has several advantages: 1) it has the advantages of the conventional posterior approach (for example, less surgical stress, indication for extensive lesion, control of CSF leakage, and removal of the ossified ligamentum flavum, which frequently accompanies thoracic OPLL); 2) it provides more space at the bilateral sides of the dural sac for maneuvering in the anterior decompression than the conventional posterior approach 1, 14 (Fig. 2) ; 3) it allows the surgeon to see the OPLL and the anterolateral aspect of the dural sac directly, and it allows the lifting up of the ligated nerve roots, which can help the surgeon manipulate the ossified PLL and the dural sac safely; and 4) it allows easier kyphosis correction with posterior instrumentation because the thoracic spine at the decompressed levels becomes more flexible after removal of the transverse processes and pedicles than is achieved via the conventional posterior approach. Kyphosis correction is the maneuver to reduce the compressive pressure created by the ossified PLL on the spinal cord; 6, 10 it is especially useful if complete removal of the ossified ligament cannot be achieved and still compresses the spinal cord.
As a disadvantage, our surgical procedure poses a risk of ischemic spinal cord injury because thoracic nerve roots are ligated at the anterior decompression levels. We used intraoperative spinal cord monitoring in all the 3 patients. There were not any significant changes detected on monitoring in the patients after ligation of 2 pairs of thoracic nerve roots. On the basis of the results of total spondylectomy for spine tumors, Murakami et al. 13 reported that surgeons are allowed to sacrifice up to 3 pairs of thoracic nerve roots, even at the level of the artery of Adamkiewicz, without causing ischemic neurological deterioration. In animal studies, we have reported that ligation of bilateral segmental arteries at 4 or more consecutive levels in the thoracic spine carries a risk of ischemic spinal cord dys- function. 5 Based on these points, the current technique for anterior decompression can be indicated for thoracic OPLL at 3 consecutive levels or fewer. Despite the limitation in indication, this procedure can be undertaken at every level in the thoracic spine and is especially useful in cases of beak-type OPLL, which is known to be the most complicated surgically.
11,16

Conclusions
This surgical procedure allows the surgeon to perform, safely and effectively, anterior decompression via a posterior approach for thoracic OPLL. It can be applied at every level in thoracic spine and could become a standard procedure for thoracic OPLL.
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